The mechanisms underlying synaptic plasticity have been studied rigorously since then. It now known that most forms of synaptic plasticity are mediated by the transfer of charge through ionotropic postsynaptic NMDA receptors (NMDARs) (Malenka, 1994) . These receptors respond to the release of glutamate, an excitatory monoamine neurotransmitter, from presynaptic cells. NMDARs are unique in that they are permeable to both sodium and calcium ions. Activation of NMDARs leads to a significant increase in the level of postsynaptic calcium which serves to activate a number of second messenger pathways that are important for altering the cell's future responses to presynaptic stimuli. At resting membrane potentials, ion flow through NMDAR channels is obstructed by the presence of extracellular magnesium ions. Depolarization of the postsynaptic membrane, usually via activation of additional ionotropic receptors located along the postsynaptic density, is necessary for displacement of this magnesium block. The combined pattern of presynaptic glutamate release and postsynaptic depolarization determines the extent of NMDAR activation and calcium influx into the cell. The resulting temporal and spatial patterns of postsynaptic calcium entry influence the direction of synaptic plasticity in the cell, causing either an enhancement or a reduction of the postsynaptic response termed LTP and LTD, respectively.
Strong depolarization, such as by tetanization, leads to removal of the NMDAR magnesium block and a rapid flow of calcium into the cell. This sudden increase in postsynaptic calcium causes activation of protein kinases, including CaMKII, which phosphorylate AMPARs and trigger their insertion into the postsynaptic membrane. This results in long-term potentiation of the synaptic response, LTP. It is important to note that CaMKII is necessary for LTP induction, as LTP is impaired in mutant mice who do not express CaMKII (Silva et al., 1992) .
Weak depolarization by low frequency stimulation also leads to removal of the NMDAR magnesium block (although to a lesser degree) and a modest, prolonged increase in postsynaptic calcium. This results in the activation of protein phosphatases, such as calcineurin and PP1, which dephosphorylate AMPARs and trigger their removal from the postsynaptic membrane. This results in long-term depression of the synaptic response, LTD.
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Summary of NMDAR-mediated LTP and LTD.
Behavioral studies have been performed on mice and rats in order to determine how interruption of the LTP-induction pathway affects different measures of learning and memory. Local hippocampal administration of APV, a selective NMDAR blocker, has been shown to interfere with performance on Morris water maze tasks in rats, indicating a potential role for hippocampal LTP in spatial learning and memory recall (Morris, Anderson, Lynch, & Baudry, 1986) . Similarly, transient inactivation of the NR1 NMDAR subunit in the CA1 region of the hippocampus caused suppression of LTP and spatial learning in mice, suggesting the importance of this specific area of the hippocampus in memory formation (Shimizu, Tang, Rampon, & Tsien, 2000) . Disruption of second messenger proteins that function in the maintenance of LTP hours after induction have also been seen to affect rat responses on spatial memory tests. Inhibition of the protein kinase PKM by injection of an inhibitory peptide caused rats to perform poorly on place-avoidance tasks, suggesting impaired spatial memory storage (Pastalkova et al., 2006) . However, while 
